Background/Aims: To estimate the clinical value of bacterial detection in peritoneal dialysis-associated peritonitis (PDAP) by multiplex real-time polymerase chain reaction (RT-PCR). This study was undertaken to evaluate multiplex RT-PCR for identifying clinically significant bacteria in PDAP. Methods: Seventy peritoneal dialysate specimens were collected and traditional bacterial culture and universal primer RT-PCR detection of the bacterial were used. Results: The positive rate of traditional culture method was 65.71% (46/70) and that of universal primer RT-PCR was 81.42% (57/70). For 6 clinical commonly pathogenic bacteria, multiplex, and monoplex RT-PCR all detected 38 positive ones within the 57 specimens that were detected positive by universal primer RT-PCR. The results of the 2 methods were completely identical. Detecting bacteria by universal primer PCR and Monoplex RT-PCR needs 4-5 and 6-9 h, respectively, while multiplex RT-PCR needs less than 3 h. Conclusion: Our results demonstrated that the multiplex RT-PCR can detect several kinds of bacteria simultaneously and it is also more practical and convenient than monoplex RT-PCR.
Introduction
Peritoneal dialysis-associated peritonitis (PDAP) is a serious complication of peritoneal dialysis (PD). It is a leading cause of morbidity and mortality in PD patients, also causing 30-50% of technical failures [1, 2] . Identification of the causative organisms allows antibiotic therapy to be optimized and this might improve treatment outcome. However, failure to culture organisms (culture-negative peritonitis) remains common with current microbiological techniques. Culture-negative peritonitis remains a clinical issue as previous reports showed that the negative rates were between 13 and 55% [3, 4] . However, culture-negative rates remain at 30-50% in our country, though the rates of a few big PD centers have fallen to about 25%, which are considerably higher than the standard level [5] . Rapid and accurate detection of pathogenic bacteria has become one of the key tasks in the process of PDAP diagnosis and treatment.
Bacterial DNA amplification and detection methods based on polymerase chain reaction (PCR), which have been developed during the past decade, are useful for the diagnosis of a variety of infectious diseases. Broad-spectrum PCR with RNA sequencing and quantitative bacterial DNA PCR assays may complement the culture method in the diagnosis of CAPD peritonitis, especially in pa-DOI: 10 .1159/000495780 tients with previous or current antibiotic use. The latter technique would also help to identify those patients likely to relapse despite apparent clinical improvement with standard antibiotic therapy [6] . For traditional monoplex real-time PCR (RT-PCR), a single target is amplified in a single reaction tube. In contrast, multiplex RT-PCR allows for simultaneous amplification of multiple target sequences in a single tube using specific primer sets in combination with probes labeled with spectrally distinct fluorophores. Multiplex RT-PCR has the advantages of high sensitivity, strong specificity, convenience, and capability of quantifying template concentration. It is commonly used for a variety of research applications, including gene panel expression, pathogen detection, SNP genotyping, gene deletion analysis, and template quantification, among many others [7] [8] [9] .
In the current study, we evaluated the performance of RT-PCR in the detection of PDAP related pathogenic bacteria versus traditional culture methods, in parallel with monoplex RT-PCR and multiplex RT-PCR.
Materials and Methods

Study Population
We collected PD solution samples of hospitalized patients diagnosed as PDAP in the Department of Nephrology of the First Affiliated Hospital of Anhui Medical University from January 2017 to December 2017. According to ISPD guideline 2010 UP-DATE, PDAP is diagnosed when any 2 of the following 3 criteria are present [3] : (1) cloudy peritoneal fluid and abdominal pain; (2) peritoneal fluid containing more than 100 white blood cells/mm 3 with at least 50% polymorphonuclearcells; and (3) microorganisms in the peritoneal fluid. Seventy patients meeting criteria (1) and (2) were selected as our research objects. Patients with noninfectious causes of CAPD peritonitis such as drug-and chemicalinduced or eosinophilic CAPD peritonitis were excluded. There were 70 patients who met our inclusion criteria (Table 1) . Among them, 33 were male and 37 were female. The average age was 49.94 ± 13.11 years in a range of 18-73 years. The average duration from the initial stage of PD to the onset of the first episode was 43.94 ± 31.95 months with a range of 1-171 months.
Traditional Bacterial Culture
Peritoneal effluent sample was collected immediately after a PDAP-suspected patient enrolled (an optimal sample should be collected in the first cloudy peritoneal effluent and should arrive within 6 h at the laboratory) and the sample was sent to a laboratory for routine test. Of the entire sample collected, 16-20 mL was set aside for bacterial culture by inoculating into 2 blood-culture bottles concomitantly (aerobic and anaerobic culture respectively). Another 250 mL of peritoneal effluent was packed and centrifuged at 4,000 g for 10 min. The liquid supernatant was discarded and the sedimentation was collected and then packed into a 1.5 mL sterile centrifuge tube. The tube was stored in refrigerator at -80 ° C for further DNA templates preparation.
Bacterial DNA Extraction of Peritoneal Effluent Samples
Bacterial DNAs extraction of peritoneal effluent samples was performed according to the operation guide of HiPure Plasmid EF Micro Kit. After the sample was dissolved in sterile double distilled water, the absorbance of the DNA sample was measured at wave lengths of 260 and 280 nm with distilled water as blank control. A 260/280 ratio between 1.7 and 2.0 indicates high purification of DNA sample.
Universal Primer RT-PCR Experiment
According to published reports [10] , the presence of bacterial DNA was assessed by detecting a couple of universal bacterial 16 s rRNA primer, 5-AGAGTTTGATCCTG GCTCAG-3′ as upstream primer and 5′-ACGGCTACCTTGTTACGACTT-3′ as downstream. The bacteria were detected by using the universal primer RT-PCR method with the universal primers mentioned above. Staphylococcus aureus was used as a positive control in DNA extraction and sterile DEPC water as a negative control. We set up 3 repeated holes for each sample to verify the repeatability. The hole reaction system was prepared in a volume of 25 μL and reaction conditions were as follows: an initial denaturation at 94 ° C for 4 min, followed by 40 cycles of denaturation, each at 94 ° C for 10 s and at 60 ° C for 33 s (collect fluorescence); Melt curve: at 95 ° C for 15 s, at 60 ° C for 60 s, and at 95 ° C for 15 s (collect fluorescence). Result judgment: On condition that control holes show good expression, PCR positive can be determined by the existence of exponential amplification phase of fluorescence signal and the minimum copy number of (CT value) positive amplification signal less than 32 as well as melt curve assuming a unimodal pattern.
Monoplex RT-PCR Experiment
On the basis of domestic and foreign reports [11] [12] [13] [14] as well as our bacterial culture results, we selected 6 species of bacteria as detecting objects by using PCR-fluorescence probe method kit Table  2 ), established plasmids from target gene fragments of every experimental bacteria strains and sterile DEPC water as positive and negative control groups respectively. The hole reaction steps were set, as the system was prepared in a volume of 25 μL and the following reaction occurs: an initial denaturation at 95 ° C for 3 min, followed by at 95 ° C for 10 s and renaturation extension at 58 ° C for 40 s (collect fluorescence, 40 cycles). PCR positive judgment: On the premise that control holes showed good expression, PCR positive judgment can be made by the existence of exponential amplification phase about fluorescence signal and the CT valueless than 37.
Multiplex RT-PCR Experiment
The selected 6 species of bacteria were divided into 2 groups: one comprised Staphylococcus epidermidis, S. aureus, and Staphylococcus haemolyticus, the other comprised Streptococcus viridans, Escherichia coli, and Pseudomonas aeruginosa. A combination of universal primer and fluorescent probe were designed for each one of the 6 species of bacteria (Table 3) . Reaction conditions of multiplex RT-PCR have been optimised by this combination method. Established plasmids from target gene fragments of every experimental bacteria strains and sterile DEPC water were used as positive and negative control groups. The hole reaction system was prepared in a volume of 20 μL and reaction steps were set up as follows: an initial denaturation step at 95 ° C for 30 s, followed by at 95 ° C for 5 s and renaturation extension at 60 ° C for 32 s (collect fluorescence, 40 cycles). PCR positive judgment: Under the premise that control holes showed good expression, PCR positive judgment can be made by the existence of exponential amplification phase about fluorescence signal in the corresponding fluorescence channel and the CT value less than 37.
Statistics
Data processing and analysis were performed with SPSS software (version 16.0). Comparisons between groups were expressed as mean ± SD for quantitative data and paired χ 2 -test for qualitative data.
Results
Traditional Bacterial Culture
The positive rate of traditional culture of the 70 peritoneal effluent samples was 65.71% (46/70). Gram positive bacteria accounted for 71.74% (33/46) and Gram negative bacteria accounted for 28.26% (13/46). The bacteria distribution of CAPD peritonitis detected by culture method is described in Figure 1 .
Monoplex RT-PCR
Monoplex RT-PCR was used to detect the 57 positive specimens that had been tested by universal primer RT-PCR and it showed that only 38 were positive. One of the positive samples examined showed a different result from that of the traditional bacterial culture. Monoplex RT-PCR analysis did not find pathogenic bacteria in the remaining 19 cases. See part of amplification plots in Figures 2 and 3 .
Multiplex RT-PCR
We used multiple RT-PCR to detect the 57 positive specimens that had been detected by the universal primer RT-PCR. The 6 target pathogenic bacteria were present among the 38 positive samples. One of the positive samples that was examined showed a different result from that examined using the culture method. Multiple RT-PCR analyses did not find pathogenic bacteria in the remaining 19 cases in Table 5 . In this study, the distribution of the 6 target bacteria was completely identified by the monoplex RT-PCR method. Among the 38 positive cases, 11 cases were S. epidermidis, 3 were S. aureus, 10 were S. haemolyticus, 6 were S. viridans, 5 were E. coli and 3 were P. aeruginosa. See part of amplification plots in Figure 4 .
Discussion
With the development of clinical PD-related technique and the improvement of the management level, the accident rate of PDAP has dramatically declined. ISPD suggested that PD center's peritonitis rate should be no more than 1 episode every 18 months (0.67/year at risk) [3] . In fact, some national centers reported results far bet- ter than that, achieving no more than 1 episode every 59.44 months [6, 13] . In spite of this, peritonitis remains the major cause of PD patients switching to hemodialysis [15] , and even leading to death [16] . It puts a higher demand on the clinician to choose a right empirical treatment of bacteremia [17, 18] . Commonly, the concentration of causative microorganisms in the effluent is low in CAPD peritonitis. To increase the microorganism recovery, the traditional blood culture bottles method is widely used for detecting PDAP-related pathogenic bacteria. Even though it yields definite results, the culture method still has the disadvantages of time-consuming, low sensitivity and the limitation of being easily affected by the physiological condition and quantity of bacteria and the use of antibiotics. All those disadvantages might lead to a low positive rate [17] . Some studies showed that for patients with suspected sepsis, hospitalized in an internal medicine ward, Septifast could be a highly valuable adjunct to traditional blood culture, particularly for patients under antibiotic treatment [18] . Other studies showed that culture-negative CAPD peritonitis may occur in about 10-30% of all epi- sodes, and in our institute, positive rate was 65.71%. Gram positive bacteria accounted for 71.74% of all positive bacteria. S. epidermidis, S. aureus and E. coli are the main positive bacteria. Our results are consistent with the positive rate and bacterial distribution of PDAP in recent years according to the results of the studies conducted in other PD centers [13, 19] , and these results are far below the 80% positive rate suggested by the ISPD guideline. We usually initiate empirical treatment with broad spectrum antibiotics before confirming the pathogenic bacteria in clinical practice. There is no clear consensus on the selection of optimal initial therapeutic regimen for the treatment of PDAP internationally yet [20] . Long-term use of ultra-broad spectrum antibiotics can increase the risk of superinfection, peritoneal sclerosis and also alter the bacterial drug resistance [21] . How to detect pathogenic bacteria quickly and correctly and guiding antibiotic treatment becomes critical in the process of real-time infection control and peritoneal function protection. PCR technology in detecting of pathogenic bacteria does not rely on microbial phenotype marker and enzymological characterization method, but directly identify bacteria by specific amplification of conservative gene fragment, which is more rapid, sensitive, and specific [22, 23] . In this study, the results of positive rate showed statistical difference between universal primer RT-PCR (81.42%, 57/70) and traditional blood culture bottles method (65.71%, 46/70; p < 0.05). Using blood culture bottles as gold standard, sensitivity of universal primer RT-PCR was 95.65% and specificity was 45.83%, showing high sensitivity. Furthermore, universal primer RT-PCR could determine the existence of bacteria within 4-6 h, significantly shorter than that of the traditional culture method. Among 46 culture-positive cases detected by traditional culture method, 2 cases showed negative by universal primer RT-PCR method, which had been repeated 3 times. It is possible that the samples were contaminated during the culture process, or the DNA were destroyed and decomposed during the extraction and preservation process, or there were some substance in the sample, which remained after DNA extraction. Some studies [24, 25] reported that there probably exist some PCR reaction inhibitors in blood, stool, and urine. For example, lipopolysaccharide and heparin can interfere with the function of Taq polymerase. This inhibition can decrease the sensitivity of PCR and increase the false-negative rate. The 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 suppressive effect can be reduced by changing the storing temperature, concentration of template DNA and extraction technique. But the effect cannot be avoided completely. Among 24 culture-negative cases, 13 were detected positive by the universal primer RT-PCR method. This probably correlated with the high sensitivity character of PCR technology. Traditional culture method becomes difficult if the amount of bacteria is extremely small, but PCR technology could greatly surpass the limitation and detect a very small amount of bacteria. Moreover, PCR technology can detect bacteria that have been treated with antibiotics, which are fastidious bacteria, unidentifiable bacteria, and dead bacteria or which have altered biochemical reaction and morphology. With no specificity, fluorescence can be detected as long as amplification occurs by universal primer RT-PCR method. If the specimen is contaminated by a very small amount of DNA or aerosol, nonspecific amplification would emerge, thus increasing the false positive rate. This led to the suspicion that they are contaminants for those possible sources that contain PCR reagents, including Taq polymerase. In order to avoid a false-positive result, we used Taq from assured DNA-free sources and have performed in-house testing on a range of Taqs and also treatment with UV prior to use. Also, our negative control that we ran with master mix and Taq, but no sample remained negative.
Compared with the universal primer PCR, Taqman PCR comes out with higher specificity by adding probe to the reaction system. It leads to the more reliable bacteria identification while keeping the sensitivity level as high as traditional PCR [26] . In further detection of the 57 specimens by Taqman PCR, both multiplex and monoplex RT-PCR assays found 38 positive cases. One of the positive samples examined by RT-PCR was S. haemolyticus, but S. aureus was examined by classical bacterial culture. Such discrepancy probably caused by mixture of S. aureus in the process of culturing and the rapid propagation of S. aureus would have suppressed other bacteria. For the remaining 19 negative cases, that was in large part because we only set 6 species bacteria for target. We will widen the detection range of bacterial flora in the later experiments to identify as many species as possible. In the experiments for detecting 6 clinical commonly pathogenic bacteria, monoplex RT-PCR finished in 6-9 h, while multiplex RT-PCR just in less than 3 h. Multiplex RT-PCR has become the most rapid means of detecting microbe at present [27] . Furthermore, monoplex RT-PCR needs to test the same sample repeatedly. This not only remarkably increases the workload and extends the detection time but also causes sample contamination and biological hazard. It also affects the reliability of detection results [28, 29] . Although multiplex RT-PCR has obvious advantages in terms of timeliness and easy operation, it requires multiple different target genes for simultaneous amplification. Furthermore, it need to be tested repeatedly in the steps of primer designing, reaction condition optimization, and reaction system configuration, which may avoid nonspecific amplification and competitive amplification among fragments as much as possible, so as to achieve amplification reaction with high efficiency, sensitivity and specificity. However, there are difficulties encountered in accomplishing all of the above-mentioned results.
In conclusion, compared with traditional culture method, RT-PCR assay is more sensitive and rapid [30] . Since multiplex RT-PCR can detect several kinds of bacteria simultaneously, it is more rapid, convenient, and economical than the monoplex RT-PCR. Our study suggests that multiplex RT-PCR with traditional culture method sequencing is more comprehensive and objective for the identification of microorganisms in patient with CAPD peritonitis undergoing antibiotic treatment.
